High-resolution grain-size investigations were carried out in two SW Polish loess sections: Biały Kościół (Niemcza-Strzelin Hills) and Zaprężyn (Trzebnica Hills). Each sequence was sampled by using the same methodology and samples were taken at 5 centimeters intervals. The particle size distribution was obtained with a Mastersizer 2000 laser, used for diffraction methods. From the obtained results the basic parameters and grain size indicators were calculated: Mz, Grain Size Index ratio, U-ratio and the percentage content of clay (< 4μm) and sand (> 63 μm). Both loess-soil sequences are composed of interfluve and slope loess facies and consist of five litho-pedostratigraphic units developed during the Late Pleistocene and Holocene: two loess units L1LL1, L1LL2 and three polygenetic fossil soils sets S0, S1 and L1SS1. The distance between these two profiles is about 60 km. Zaprężyn, as a section located more to the north, has almost no lower younger loess and higher level of weathering which could be related to proximity of this site to the Ice Sheet margin. The climate here was more extreme and harsh. What is more,the difference in development of soil L1SS1 can be observed: while in Biały Kościół pedogenesis process was slower and less disturbed than in Zaprężyn. The upper part of L1SS1 in Biały Kościół was deformed by gelifluction, frost heave and other periglacial processes. Mz indicator by the grain-size distribution in these sediments reflects subtle variations in the climatic system. Moreover, in Zaprężyn the content of sand fraction is higher than in Biały Kościół what can be the evidence of short episodes of strong winds during cold period of sedimentation. The aim of this paper is to compare two loess profiles by their stratigraphical and lithological similarities which are result of climate conditions and features of surrounding environment.
Introduction
The tendency of climate to relatively sudden changes is one of the most surprising discoveries of the last phase of the Quaternary Research. Loess-soil sequences contain one of the most complete terrestrial record of climate and natural environment changes that took place during the last glaciation. Loess profiles in which there are basically no sedimentary structures indicating wind strength or transport direction of sediment, but that information can be received from the particle size distribution indexes. Every loess region has its own features which cannot be used globally.
However, there are some general similarities showed by many indicators such as the stratigraphy or grain-size variation, which have been observed over different loess regions in Europe and in China.
Loess in Poland occurs in the southern part of the country and it was divided by Maruszczak (1991) into three regions in the Eastern Poland (Lublin, Sandomierz and Kraków uplands) and two in the Western Poland (Karpaty and Sudety forelands). Loess covers of Sudety foreland have smaller thickness and different lithological and stratigaphical features than SE loess areas (Jary, 1996) . Those sediments are more similar to West European loess which reflect more oceanic climate conditions in Pleistocene. (Cegła, 1972; Jersak, 1973; Jary, 2007) .
Grain size indicators have been widely used in Chinese and Western European loess as a proxy mainly to reconstruct wind speed, dust source distance and past climatic variations, (Liu, 1985; Vandenberghe et al., 1997; Vandenberghe and Nugteren, 2001; Rousseau et al., 2002; Antoine et al., 2009 ). Characteristics of loess grain size are an important part of many works of polish loess researchers (Cegła, 1965 (Cegła, , 1972 Jersak, 1965 Jersak, , 1973 Jary, 1996 Jary, , 2007 Dwucet, 1993 Dwucet, , 1999 . They were mostly based on the Folk and Ward methods (1957) . However, nowadays less complicated grain size proxies are used. It can be assumed that the variability of basic lithological features of properly selected loess sequences in Poland, analyzed in the vertical profile with the use of high-resolution sampling for laboratory analyzes, and precise, repeatable techniques of markings grain size composition, provide new, more detailed data about climate change loess environments sedimentation (Jary, 2007) .
Within this context, and in order to obtain a detailed lithological characteristic of loess sedimentation of SW Poland, the authors decided to focus on two main Late Pleniglacial loess sequences: Biały Kościół and Zaprężyn, where complex stratigraphy have been identified Jary, 2007; Moska et al., 2012) .
The aim of the study is to compare two loess profiles of Silesian Lowland with respect to lithology and stratigraphy based on selected lithological indicators and to find specific markers to compare them more regionally.
Study area
Study area is located within the Silesian Lowland which forms a vast plain between the Sudety foreland and the Sudety mountains from the southwest, Silesian Rampart from the north and the Silesian Upland on the east. The main feature of Silesian Lowland relief is its mosaic pattern. The characteristic feature of climate is relatively high average annual temperature (Wrocław 8, 7 o C), short winter, early, moist spring and warm summer (Sobik, 2005) . These properties are connected with the existence ofthe mountain barrier of the Sudety on the south-west (Kondracki, 1981) .
Loess in Silesian Lowland occurs in several isolated patches (Fig. 1) , which differ from each other with thickness, stratigraphic sequence and basic physico-mechanical properties (Cegła, 1972; Kida, 1983; Jary, 1996; Jary et al., 2002) . Loess in Silesian Lowland has been investigated for a long time. First by German and then by polish researchers. The German authors (Tietze, 1910; Czajka, 1931; Meister, 1935; Schwarzbach, 1942) focused on Trzebnica and Głogów regions covered by loess and loesslike loam deposits. Also Tietze (1919) and Behr (1921) described similar deposits known as Oława valley loess near Niemcza -Strzelin Hills. In later years Trzebnica sediments were investigated by Walczak (1951) , Dylik (1952 Dylik ( , 1954 , Jahn and Szczepankiewicz (1967) , Raczkowski (1969) , Rokicki (1952a, b) , Jary et al. (1991a) , Jary (1991b Jary ( , 1993 Jary ( , 1996 , Jary and Krzyszkowski (1995) , Śnieszko (1995) and Traczyk (1996) . Strzelin Hills loess and silty sediments were subject of study of Rokicki (1952a ), Dylik (1952 , Raczkowski (1960 Raczkowski ( , 1969 Raczkowski ( , 1976 , Jary and Krzyszkowski (1990) . The deposits in Niemcza Hills area were described by Ciszek (1997) , Alexandrowicz and Ciszek (1998) and Traczyk (1999) .
Investigated sections are located on two main loess areas: Trzebnica Hills and Niemcza-Strzelin Hills. Nowadays there are few exposures that could be used for detailed research. Both sections, chosen in this paper, contain complete record of climate changes during last glaciation.They are characterized by the most compact and thick loess cover in the south-western Poland. (Jary et al., 2016 -modificated) Zaprężyn section (Trzebnica Hills) Loess section in Zaprężyn (λ = 17 o 12'00''E, φ = 51 o 14'45''N, 165 m.a.s.l.) is composed of interfluve and slope loess facies and has 6,5m. It is situated within the zone of the southern morphological edge of the Trzebnica Hills in an inactive sand quarry located close to the road from Łozina to Węgrów (Fig.2) . The area is cut by small denudational valleys of the general N-S course. Loess cover has an average thickness of 4-6 m. The exposure is a result of sand exploitation, which was held here in the 80s and 90s of the XX century.
The section was described by Śnieszko (1995) and Szponar (1998) and commented by Maruszczak (2001) . Śnieszko (1995) divided the younger loess cover (4-5 m in thickness) into upper part (rich in calcium carbonates) and lower part with gley horizons. Then the characteristic of Zaprężyn profile has been presented by Szponar (1998 -Kępa-Zaprężyn in this paper) . He collected samples from modern and fossil soil and focused on the high content of neutral amino acids. In 2007 Jary presented new results of radiocarbon dating (AMS technique) of Zaprężyn loess section. Charcoals taken from the humic horizon of the fossil forest soil have been dated as >50 ka BP, humic substances from older tundra-gley soil -26.2 ± 0.6 ka BP and radiocarbon age of humic substances from younger tundra-gley soil is 18.8 ± 0.12 ka. The loess cover in the surrounding area was previously described by Raczkowski (1960 Raczkowski ( , 1969 Raczkowski ( , 1976 and Ciszek (1997) . The complete loess-soil sequence at Biały Kościół has been excavated and characterized by Ciszek et al. (2001) .
The results of multidisciplinary research have been published in numerous scientific papers (Jary et al., 2002 Chlebowski et al., 2004a Chlebowski et al., , 2004b Fedorowicz et al., 2004; Komar et al., 2004; Fedorowicz, 2005 Fedorowicz, , 2006 Jary, 2007 Jary, , 2010 Moska et al., 2011 Moska et al., , 2012 . (Jary et al., 2016 -modificated) 
Description and stratigraphy

Zaprężyn
Detailed description of the deposit succession in the Zaprężyn site is presented on the Fig. 4 . This vertical profile was described during filed work conducted in April and May 2011.
Based on the full set of data obtained and on the climatic signature of the various sediment and soil horizons strata, Zaprężyn loess-soil sequence was divided into five lithopedostratigraphic units (Fig.5 ) developed during the Late Pleistocene and Holocene: -two loess units (L1LL1, L1LL2); -three polygenetic fossil soils set (S0, S1 and L1SS1).
In the lower part of the section a set of fossil soils S1 (layers 1-3; Marine Isotopic Stage MIS 5) was formed.It is underlain by the fluvioglacial sand and gravel deposits of the Warta stage with clear evidence of illuviation in the upper part. Above, the eluvial horizon Etg (2) and humic horizon (3) occur. In the lower, deformed part of the accumulation horizon, slightly undulating concentrations of charcoals have been preserved.
Above this pedocomplex L1LL2 loess unit occurs (layer 4 and 5, MIS 4). The boundary between S1 and L1LL2 units is sharp.This unit is relatively thin and consists of loess/soil colluvium and calcareous loess. The structure of L1LL2 loess unit is strongly modified by subsequent soil-forming processes associated with the development of the soil L1SS1 lying above. . Grain size characteristics, magnetic susceptibility, calcium carbonate and humus content in Zaprężyn loess-soil sequence (S0,L1LL1,L1SS1,L1LL2,S1 -labelling system acc. Kukla and An, 1989 , modified by Marković et al., 2015) (detailed description in Jary et al., 2016) Pedostratigraphic unit L1SS1 is composed of two genetic horizons: weak cambic horizon (layer 6) and of undulated tundra-gley accumulation horizon (layer 7). Fossil soil set L1SS1 in Zaprężyn was developing most likely in the middle pleniglacial of the last glaciation (MIS 3).
Above L1SS1 unit lays are relatively thick, carbonate less unit L1LL1 (layer 8-18) represented mainly by massive and laminated lithofacies of loess. The characteristic for this loess unit in Zaprężyn is the presence of several gley horizons of different stage of development (eg. layers 9 and 16), often deformed or cut by erosion processes on inclined slope surfaces. The sequence of soil forming and erosional phases are probably connected with sudden climate changes. This could be related to proximity of this site to the Ice Sheet margin. They are usually intercalated by sandy (>63 µm) intercalations mainly in the upper part (Jary et al., 2016) .
In the top of L1LL1 loess unit the modern brown soil S0 has been developed (layers 19-21). It is relatively thin due to morphological position. It is situated on eroded, cultivated slope surface.
Biały Kościół
Detailed specification of the sediment sequence in the Biały Kościół site is presented on the Fig. 6 . This profile was described during filed work conducted in November 2008. (Jary et al., 2016) Biały Kościół loess-soil sequence consists of five litho-pedostratigraphic units (Fig.7) developed during the Late Pleistocene and Holocene: -three polygenetic fossil soils/soil sets (S0, S1 and L1SS1) -two calcareous loess units (L1LL1, L1LL2)
The lowest set of fossil soils S1 (layers 1-4) has been developed during the last interglacial (Eemian = MIS 5e) and in the early Weichselian (MIS 5d-5a). It consists of thick illuvial Bt horizon developed on heterogeneous sandy-silty substrate, eluvial Etg and humic horizons and a well-marked transition horizon EA with charcoal concentrations.
The characteristic feature of the Biały Kościół loess sequence is the occurrence of thick (1,5 m) unit of carbonate loess L1LL2 (layers 5-6). This loess was probably deposited during the lower pleniweichselian (MIS 4, Jary, 2007) . Some weak tundra-gley horizons can be distinguished within this lithostratigraphic unit which proves climate variability during L1LL2 loess sedimentation.
In the top of loess unit L1LL2 interpleniglacial pedocomplex L1SS1 was developed (layers 7-9). The development of this pedocomplex took place probably in the middle pleniglacial of the last glaciation (MIS 3). It consists of superimposed accumulation horizons of tundra-gley soils which cover degraded horizon of the cambic type. It is the only carbonate free soil in the Last Glacial loess sequence at Biały Kościół. The top of L1SS1 soil was deformed by gelifluction, frost heave and other periglacial processes (layer 10).
Above the soil L1SS1 there is a thick loess unit L1LL1 (layers 11-16) which was most likely deposited in the upper pleniglacial of the last glaciation (MIS 2). Lithostratigraphic unit L1LL1 shows a significant diversity within Fig.7 . Grain size characteristics, magnetic susceptibility, calcium carbonate and humus content in Biały Kościół loess-soil sequence (S0,L1LL1,L1SS1,L1LL2,S1 -labelling system acc. Kukla and An, 1989 , modified by Marković et al., 2015) (detailed description in Jary et al., 2016) the section. Noteworthy is weak tundra-gley soil (layer 12), horizons of periglacial deformation (layers 13 and 16) and several horizons of initial gley. In the top of loess unit L1LL1 a modern brown soil S0 has been developed (layers 17 and 18) (Jary et al., 2016) .
Methods
Research on the both profiles can be divided into two basic stages: field work, which consisted of careful cleaning of the profiles walls, descriptions and sampling for analysis, and laboratory investigations, which allowed to describe a selected physical and chemical properties of the tested materials.
Field work
Before describing the profiles and sampling the profiles walls were carefully cleaned to picture the freshest material. After that the lithological description was prepared. All of these profiles were sampled in vertical continuous sections at close intervals (5cm) and documented with the respect to their sedimentology, paleopedology, and stratigraphy.
Grain Size
Grain size distributions were determined by using a laser diffractometer Mastersizer 2000 (manufactured by Malvern, England). Before the measurement, organic matterwas removed byH2O2 and carbonates by 10% HCl. For better dispersion sodium hexametaphosphate (calgon) was added to the solution before measurement.
Loess grain size proxies are used in paleoenviromental studies to reconstruct dust source distance variations, wind speed or changes of the dust cycle on glacial/interglacial. In the following study two of the most cited indicators was used.
U-ratio indicator is the ratio of the coarse and the medium silt to fine silt fractions (in this study 16-63μm /4-16μm). This indicator was proposed by Vandenberghe et al. in 1985 . U-ratio is used as a proxy for designating warm period (low u-ratio) characterized by weak winds, from cold period with dynamic aeolian environment (strong winds).
The Grain Size Index (GSI) is the ratio of the coarse and medium silt to fine fractions : fine silt and clay (GSI: 20-50 μm/<20 μm, in this study 16-63 μm/<16μm). This indicator was introduced by Rousseau et al. (2002) as an index of wind dynamic and indicator of aeolian dust (Ujvari et al., 2016) .The similar index has been previously used by Liu et al. (1989) as a Kd or loess index (ratio between 10-50 μm and <2 μm). The GSI appears to be similar to the U-ratio, but it includes the clay fraction too (Ujvari et al., 2016) . Grain Size Index is used to show changes in the productivity of entrainment, transport and deposition of fine vs. coarse dust particles,due to wind speed variations. The high values of GSI indicate increased frequency and strength of dust storms and correspondinglyhigh sedimentation rates (Rousseau et al., 2007) .
Magnetic susceptibility
Magnetic susceptibility measurements of dried soil samples in plastic bags were carried out in the Department of Geological Processes of the Institute of Geology AS CR, v.v.i. in Prague using the KLY-2 Kappabridge (Agico Brno, Czech Republic; magnetic field intensity was 300 A m -1 , operating frequency 920 Hz, sensitivity 4 x 10 -8 SI) with the error of measurement of ±2%. Raw data on massspecific MS expressed in m 3 /kg x 10 -9 .
Determination of CaCO3 and organic content
CaCO 3 content was determined based on the analysis of the volume of CO 2 produced during the reaction with a weak acid HCl in the Scheibler instrument. Organic carbon content was determined by standard Tiurin method, then translated and presented as the content of humus (Myślińska, 2001) .
Results
Biały Kościół
The cumulative grain size curves from averaged samples from five main stratigraphic units are presented in Fig.8 . The all curves have their maximum between 4-5 phi (16-63μm). The distributions of S0, L1SS1 and L1LL2 curves are similar. In those units the content of fine fractions is increased. The sorting of particles in L1LL1 unit is particularly good and close to Gauss curve with maximum in 4 phi (31-63 μm) such a course is typical for Upper Pleistocene loess. The distribution of S1 curves is more oblate with increase content of coarser fraction which is typical for interglacial soil.
The continuous record of Biały Kosciół loess-soil sequence of grain size variation shows good correlation with stratigraphic horizons observed during field work (Fig. 9) .
Content of clay fraction is substantially higher in soil units than in loess horizons. The exception is a L1LL2 horizon where amount of clay is almost as high as clay content in the middle Pleistocene soil. This unit is rich in gley horizons, where higher content of fine material is expected. Increased content of clay is accompanied by the lowest values of grain size indicators and vice versa.
The characteristic feature of Biały Kościół sequence is low content of sand fraction (>63 μm). In whole profile content of this fraction is less than 20 %. Only in the bottom part of S1 soil amount of sand in relatively high, where colluvial material was noted. 
Zaprężyn
The cumulative grain size curves show that main units of Zaprężyn loess-soil sequence can be divided into three groups (Fig. 10) . The S0 and L1LL1units curves distribution is similar. They have their maximum (>30%) between 4-5 phi like in Biały Kościół. This high content of typical loess fraction (16-63μm) and low amount of clay material in S0 suggests that recent soil was poorly developed and/or eroded by agricultural activity -otherwise than Biały Kościół sequence.
Second group represent distribution of the L1SS1 and L1LL2 units. Their maximum (similar like in first group) is between 4-5 phi but amount of this loess fraction is relatively lower (ca. 25%). However, the content of finer fraction is increased. It is a normal situation for paleosol units. The higher amount of fine fraction in L1LL2 may be an evidence of the pedogenetic transformation.
The last category is illustrated by the curves of S1 unit. This group of samples is characterized by two well-individualised population of grains: coarse silt (4 phi) and medium sand (1-2 phi; 250-500 μm). The highest content of sand fraction is caused by formation of S1 unit on fluvioglacial deposits.
The continuous grain size indicators distributions of the Zaprężyn sequence is illustrated in Fig.11 . They demonstrate good correlation between the continues records of the grain size variation and stratigraphic boundaries.
Increased content of clay fraction occurs in both paleosol units. In this places amount of clay material is over 20 %. These values are lower than in the previously described soil units from Biały Kościół profile. The average content of clay in L1LL1 unit is about 12%. However, rapid increases of clay value are observed in places where gley horizons were noted. This part of sequence is distinctly different from L1LL1 unit from Biały Kościół. The environmental conditions during the L1LL1 formation were not stable. It is confirmed by the distribution of grain size indicators curves. In spite of that, the values of the indicators for both profiles are similar, however, the changes of their distributions are much more rapid and frequent.
The content of sand fraction in Zaprężyn sequence is relatively higher (particularly in the L1LL1 unit) than in previously described loess-soil profile. In two places percentage value of sand exceeds 20% (units 13 and 18, Fig.11 ). The peaks in percentage record of sand are correlated with the highest values of GSI and U-ratio (Fig.11) . That could be an indicator of increased strength and dynamics of the winds. The high content ofsand in the lowermost part of the profile is observed too. This part of the profile is composed of fluvioglacial material. 
Discussion and conclusions
For both profiles the analysis of the grain-size variations within the Upper Pleniglacial loess sequences along with detailed stratigraphy, revealed the presence of several short depositional cycles during the time of loess deposition. Relatively coarse-grained loess is alternated with fine-grained loess.Time of high dust influx coincided with severe climate conditions inferred from grain-size variations (Jary, 2007; Antoine et al., 2009 ). Pye (1995) has proposed a model concerning dust transport which has two modes according to strength in deflating areas and wind speed. First mode concerning transports fine grained silty material (<20 µm) at high altitude over very long distances. Second one refers to the transport coarser material over short distances. Taking into account our results, the both analysis loess records match the second model as coarse sand material has been blown from the nearby valleys: from Odra river valley to Zaprężyn and from Oława river valley to Biały Kościół. The similar interpretation is given by Smalley et al. (2009) and Badura et al. (2013) suggesting the valleys of big rivers as a potential source area of coarse material for loess sequence.
The grain-size indexes vary between 0,5 and 2,5. In these records, high values of GSI, related to strong wind speed, are associated with loess units, whereas low GSI values, corresponding to low wind activity, are linked to the occurrence of soils, expressed as boreal soils or gley horizons (Rousseau, 2007) . These results are similar to GSI values from main European loess profiles (Antoine et al., , 2013 . A similar U-ratio was also applied to a European loess sequence to show rapid changes and high-resolution correlations with other indicators (Vandenberghe et al., 1998) .
Both the grain-size distribution and grain size indicators of loess sediments reflects some variations of the climate conditions at the time of loess sedimentation. There are some markers and similarities which can be used for correlation of these sections. However, generally coarsergrain sizes and even sands insert in the Zaprężyn loess section can be the evidence of short episodes of strong winds or even sand storms during the loess sedimentation (Fig.11) . Analysis of particle size distributions and indicators shows that the fraction of coarse silt usually rises systematically towards the upper part of loesssoil sequence. That may indirectly indicate the increasing level of climate continentalization and the increasing rate of accumulation of loess due to greater availability and proximity to source areas. Periods of fine-grained loess accumulation and development of weak pedogenic gley horizons, marked by relatively low values of magnetic susceptibility, represent warmer episodes.
The Zaprężyn is the northernmost loess profile in this region situated only ca 70 km away from the maximum extent of thelast glaciation. The distance between these two profiles is about 60 km. Both loess-soil sequences are composed of interfluve and slope loess facies and consist of five lithopedostratigraphic units developed during the Late Pleistocene and Holocene. There are almost no L1LL2 loess unit in the Zaprężyn section unlike to the Biały Kościół profile with ca 1,5 m L1LL2 unit. Also, the difference in development of soil L1SS1 can be observed: L1SS1 soil unit in Biały Kościół is much better developed than in Zaprężyn. Well-developed periglacial features, as well as several distinct erosional levels noted in the Zaprężyn sequence, suggest extreme and harsh climate conditions in this area during the loess sedimentation. By analyzing and comparing these profiles due to their lithological properties, it can be stated that the gradient of climate change in SW Poland was much tapered during the last glacial maximum.
